The link between mesangial cell (MC) proliferation and migration during glomerular repair in the experimental mesangial proliferative glomerulonephritis suggests that cell cycle regulation and cell migration require similar pathways, such as cell cycle proteins. The immunosuppressant RAD inhibits mesangial cell (MC) proliferation via G1/S arrest. Moreover, RAD dramatically impairs glomerular healing in the anti-Thy1 model. We tested the hypothesis that RAD alters MC migration in vitro and that this effect was mediated by the CDK-inhibitors p21 CIP1 and p27 KIP1 . Using a modified Boyden chamber in vitro migration assay, our results showed that RAD dose dependently (1-50 nM) inhibited fibronectin-induced chemotaxis in wild-type (wt) MC. RAD treatment prevented the decrease in p27 KIP1 induced by mitogenic growth factors, but had no effect on p21 CIP1 by Western blot analysis. The antimigratory effect of RAD in wt MC was substantially dependent on p27 KIP1 , but not p21 CIP1 , since the inhibitory effects of 1-10 nM RAD on MC migration were similar in p21 CIP1 deficient and wild-type MC. The effect of RAD on MC migration was also examined in the anti-Thy1 model by BrdU-labeling of proliferating MC on day 3 that typically repopulate the glomerulus from the hilus. A control biopsy on day 3 was taken to define the starting point prior to the initiation of RAD (3 mg/kg or placebo). MC migration was determined on day 7 by measuring the distances of BrdU-labeled MC (OX-7 þ /BrdU þ cells) from the glomerular hilus using computerized morphometry. RAD significantly reduced the migratory response of BrdU-labeled MC compared to controls. We conclude that the immunosuppressant RAD effectively inhibits MC migration in vivo and in vitro thereby limiting the normal glomerular repair process after severe injury. Moreover, RAD-induced inhibition of MC migration in vitro is partially mediated by the CDK-inhibitor p27 KIP1 , but not p21 CIP1 .
Severe disruption of the mesangium (mesangiolysis) occurs in many human renal diseases such as IgA nephropathy, hemolytic uremic syndrome, mesangiocapillary glomerulonephritis, allograft rejection, and diabetic nephropathy. 1 Incomplete repair of the mesangiolytic injury may be an important determinant of glomerular disease progression. Successful and complete glomerular repair after very severe disruption of the mesangium is demonstrated in experimental mesangial proliferative glomerulonephritis in the rat (anti-Thy1 nephritis), 2 which serves as a useful model to study the mechanisms underlying these events. In the anti-Thy1 model, complete restoration of the glomerular architecture after injury is followed by capillary angiogenesis, matrix remodeling, and simultaneous mesangial cell (MC) proliferation and migration. [3] [4] [5] While recent studies in the anti-Thy1 model demonstrated that about 11% of the glomerular repopulation after injury is derived from bone marrow, the major part of the glomerular reconstitution originates in the kidney. 4, 6 Within 1-2 days, surviving 'reserve' cells from the extraglomerular and hilar region reconstitute the major part of the mesangium by a coordinated proliferative and migratory response which is complete by days 7-10. 3, 4 Although glomerular cell migration and proliferation can be dissociated in certain experimental nephritis models 5 and by blockade of certain cytokines such as FGF-2 7 both mechanisms are required for glomerular repair/ regeneration and timely as well as spatially closely connected in the anti-Thy1 model. This apparent link between cell proliferation and migration suggests that cell cycle regulation and cell migration may be governed by similar pathways, such as cyclins, cyclin-dependent kinases (CDK), and in particular the CDK-inhibitors p21 CIP1 and p27 KIP1 . We have previously shown that p27 KIP1 and p21 CIP1 expression is altered during glomerular repopulation in the anti-Thy1 model. 8 The potent antiproliferative rapamycin derivative RAD is a new promising immunosuppressive drug for the treatment of organ and kidney transplantation, and more recently, has been shown to inhibit proliferation via G1/S arrest in inflammatory renal disease. 9 Although RAD and rapamycin are generally considered to lack nephrotoxicity of the calcineurin inhibitors cyclosporine and tacrolimus, we (unpublished results) and others 10 have recently demonstrated detrimental long term effects on the glomerular architecture when RAD therapy was given during the early proliferative/migratory phase of anti-Thy1 nephritis. Taken together, we hypothesized that RAD therapy may have a specific antimigratory effect in addition to being antiproliferative, which may contribute to its puzzling detrimental effects.
Accordingly, we designed studies to determine if RAD inhibits MC migration in vitro and in vivo during glomerular repopulation in addition to being antiproliferative, and asked if these effects required the CDK-inhibitors p27 KIP1 or p21 CIP1 . Our results show that the immunosuppressant RAD effectively inhibits MC migration in vivo and in vitro and that this is partially mediated by p27 KIP1 .
Materials and methods

Cell Culture
Cultured mouse mesangial cells (MMC) were isolated from p21 CIP1 -, p27 KIP1 -, and p21 CIP1 /p27 KIP1 -null or wild-type (wt) mice as previously described. 11, 12 MC were grown in DMEM containing 4.5 g glucose/l À1 and supplemented with 10% fetal calf serum, L-glutamine, insulin, and penicillin/streptavidin.
In Vitro Cell Migration Assay MC migration was investigated using a 48-wellmodified Boyden chamber and 0.1% gelatin-coated polyvinyl-pyrrolidone-free polycarbonate membranes with 8 mm poresize (Neuroprobes, Inc. Gaithersburg, MD, USA). After 16 h preincubation with 0, 1, 10 and 50 nM RAD (provided by Dr Schuler, Novartis Pharma AG Basel) 28 000 mesangial cells/well were loaded into the upper chamber. In two initial experiments, RAD was administered to wt-MMC without preincubation. The bottom wells were filled with 40 mg/ml fibronectin, used as the chemoattractant, or 0.1% BSA, used as a negative control. The Boyden chamber was incubated for 5 h at 371C and 5% CO 2 to allow migration of cells through the membrane. Cells that had transmigrated were stained with Qick diff and three fields of vision per well were analyzed using phase-contrast microscopy at a 250 Â magnification. All assays were done in triplicate and each experiment was done a minimum of three times.
Animal Model and Experimental Design
The effect of RAD therapy on MC migration was also examined in the anti-Thy1 model of mesangioproliferative glomerulonephritis. Three days after disease induction proliferating MC repopulating the glomerulus from the hilus region, were labeled with i.p. BrdU-injection in 12 Sprague-Dawley rats. A kidney biopsy was taken simultaneously as previously described 4 to define the baseline. Half the nephritic rats (n ¼ 6) were given RAD by gavage at a concentration of 3 mg/kg bw and six rats were given placebo (only containing the solvent of RAD). MC migration was measured on day 7 of disease by measuring the distances of BrdU labeled MC (OX-7 þ /BrdU þ cells) from the glomerular hilus using computerized morphometry, 4,7 and we used the baseline biopsy obtained at day 3 (ie before the initiation of RAD) in these calculations. The exact protocol for our in vivo migration assay has been previously described in detail. 3, 4, 7 Experimental mesangial proliferative glomerulonephritis (anti-Thy1 model) was induced by a single injection of the monoclonal anti-Thy1.1 antibody OX-7 (0.35 ml/100 g bw) in male Sprague-Dawley rats 13 (Charles River, Sulzfeld, Germany). 54, 62, and 70 h after disease induction, intraperitoneal injections of 10 mg/100 g bw BrdU were given in all rats to label surviving mesangial reserve cells located at the extraglomerular mesangium and hilar region that just start to repopulate the glomerulus via proliferation (DNA synthesizing) and migration. Three injections were given to increase the number of labeled cells. At 2 h after the last BrdU injection (72 h after disease induction), a baseline renal survival biopsy was performed. Immediately after recovery from anesthesia either microemulsion preconcentrate as vehicle or RAD (Novartis Pharma AG, Basel, Switzerland) was given once daily orally by gavage at a dose of 3 mg/kg bw/day. The first two RAD doses were given as loading doses containing two-fold the amount of the later doses. All rats were killed 7 days after disease induction and renal tissues harvested.
To assess the effect of RAD therapy on the CDK inhibitor p27 KIP1 and total or phosphorylated p70 S6 kinase during glomerular repopulation, anti-Thy1 disease was induced in a second set of 12 rats, and RAD or placebo therapy was started on day 3. Afterwards, a survival biopsy was done on day 4 and all rats were killed on day 7. The percentage of glomerular cells staining positive for total or phosphorylated p70 S6 kinase and the CDK inhibitor p27 KIP1 was evaluated as previously described. In an additional third experiment, three nephritic rats each were given RAD or placebo as described in the second experiment, and protein from isolated glomeruli was extracted on day 4 for determination of the CDK-inhibitor p27 KIP1 and total and phosphorylated p70 S6 kinase by Western blot analysis (see below).
Immunohistochemistry
Tissue for light microscopy was fixed in methyl Carnoy's solution, embedded in paraffine, and cut into 5 mm sections for indirect immunoperoxidase staining as described elsewhere. 4, 13 MC were identified using an antibody against OX-7 (Serotec, Ltd., Kidlington, Oxford, UK). 4 The following additional antibodies were used in this study: Peroxidase-labeled Fab-fragments against BrdU (Boehringer, Mannheim, Germany); polyclonal rabbit anti-p21 CIP1 and anti-p27 KIP1 antibodies (Santa Cruz Biotechnology, Heidelberg, Germany); 8 mouse monoclonal antibody against the total p70 S6 kinase as well as the phosphorylated p-p70 S6 kinase (Santa Cruz).
14 Negative controls for immunostaining included either deleting the primary antibody or substitution of the primary antibody with equivalent concentrations of an irrelevant murine mAb or preimmune rabbit IgG.
Immunohistochemical Double Staining
To determine the migratory response of the labeled, BrdU-positive MC during glomerular repopulation, double immunostaining for BrdU and OX-7, an MCspecific marker for MC was performed as previously described. 4 The first primary antibody (OX-7) was incubated overnight at 41C, followed sequentially by biotinylated rabbit anti-mouse IgG1 serum (Zymed, San Francisco, CA, USA), peroxidase conjugated Avidin D (Vector, Burlingame, CA, USA), color development with DAB without Nickel Chloride. Incubation in 3% H 2 O 2 /methanol for 20 min prevented any remaining peroxidase activity. Subsequently, the second primary antibody (Peroxidase labeled antiBrdU Fab-fragments, Boehringer, Mannheim, Germany) was applied overnight at 41C, followed by DAB with nickel as the second color reagent. Controls included omitting either the primary antibodies or replacing them by mouse serum, as well as omitting either the secondary antibodies.
Morphometric Analysis of MC Migration
Migration of labeled MC was quantitated using a computerized morphometry system (Visitron Systems GmbH, Puchheim, Germany). The shortest distance from the border between extra-and intraglomerular mesangium (OX-7 staining) to any labeled OX-7 positive MC was measured. For each biopsy, more than 10 cross sections with an identifiable extraglomerular mesangium out of more than 100 cortical glomeruli were examined.
Western Blot Analysis
Protein was extracted either from isolated rat glomeruli by our standard sieving technique 15 or from MMC cultures using 50 mM Tris, 1% (v/v) Nonidet P-40, 0.25 (w/v) sodium deoxycholate, 150 mM NaCl, 1 mM EGTA, 1 mM Na 3 VO 4 , 1 mM NaF, and proteinase inhibitor cocktail (Complete, Boehringer, Mannheim, Germany) as extraction buffer. To optimize solubilization, extracts were sonified for 30 s at 50% power and 50% duty cycle using a Sonoplus HD70 (Bandelin, Berlin, Germany). A measure of 30 mg of protein was resolved in sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and proteins were transferred semidry to a nitrocellulose membrane for detection of p21 CIP1 , p27 KIP1 , P70 S6 kinase or phosphorylated P70 S6 kinase protein by using specific antibodies (Santa Cruz). b-actin was detected simultaneously as loading control using an antibody from Abcam, Cambridge, UK. For evaluation of densitometry AIDA 2.1 software (Raytest Isotopenmegeräte GmbH, Straubenhard, Germany) was used.
Statistical Analysis
All values are expressed as mean s.d. Statistical significance (defined as a P of less than 0.05) was evaluated using the Student's t-test or one-way analysis of variance with modified t-test using the Bonferroni method.
Results
In Vitro Studies
RAD inhibits MC migration in vitro
We used a 48-well modified Boyden chamber in vitro migration assay to determine the effects of RAD on migration. Pretreatment with RAD for 16 h inhibited fibronectin-induced chemotaxis in a dose-dependent matter in wt mouse MC (wt-MMC). Our results showed that RAD reduced wt-MMC migration by 20% at 1 nM, 50% at 10 nM, and 75% at 50 nM concentration, respectively, compared to placebo (Po0.05) (Figure 1) . Similar results were obtained in a minimum of three experiments. Significant inhibition of wt-MMC migration was also seen when no RAD pretreatment occurred and RAD was given only in the Boyden chamber during the migration time of 5 h (30% at 50 nM). Nevertheless, since RAD induced inhibition of cell migration was much stronger after preincubation of MMC for 16 h, all following experiments were done with RAD pretreatment.
RAD regulates p27
KIP1 , but not p21 CIP1 protein in MC in vitro We next determined, if RAD alters the levels of specific CDK-inhibitors. Exposing MMC to RAD differentially affected the protein levels of the CDK-inhibitors p21 CIP1 and p27 KIP1 measured by Western blot analysis in wt-MMC. As we showed previously, p27 KIP1 was very abundant in growtharrested wt-MMC. In contrast, p27 levels were reduced following stimulation with 10% FCS, a source of growth factors (Figure 2) . Our results showed that 10 and 20 nM of RAD significantly prevented the decrease in p27 KIP1 induced by growth factor stimulation (10% FCS) (Figure 2 ). RAD at a 100 nM concentration was less effective in preventing the FCS-induced decrease of p27 KIP1 (Figure 2 ). In contrast to p27 KIP1 , protein levels of p21 CIP1 were not altered by FCS or RAD treatment (Figure 2 ). Taken together, these results show that RAD has a differential effect on CDK-inhibitor expression.
RAD-induced inhibition of MC migration is p27
KIP1 , but not p21 CIP1 dependent The role of p21 CIP1 and p27 KIP1 , alone and together, in RAD-induced inhibition of MC migration was assessed utilizing p21 CIP1 -null, p27 KIP1 -null, and p21 CIP1 /p27 KIP1 double-null MMC. The inhibitory effects of 1-10 nM RAD on MC migration were similar in p21 CIP1 -null and wt-MMC (Figure 3a) . However, at a 50 nM RAD concentration, the migratory response was significantly less inhibited in p21 CIP1 -null compared to wt-MMC (Po0.005) (Figure 3a) . In contrast, the antimigratory effect of RAD in wt-MMC was substantially more dependent on p27 KIP1 than on p21 CIP1 as investigated via MMC from p27 KIP1 -and p21 CIP1 /p27 KIP1 -double-null mice.
In p27 KIP1 -null MMC, 1 nM RAD had no effect and 10 and 50 nM RAD reduced the number of migrating MMC only by 12 and 30%, respectively, compared to inhibition of 47 and 72% in wt-MMC with similar concentrations (Po0.001) (Figure 3a) . In contrast, p21 CIP1 -null MMC exhibited a 40% (not significant compared to wt-MMC) and 46% (Po0.005 compared to wt-MMC) decrease in the number of migrating cells when exposed to 10 and 50 nM RAD, respectively (Figure 3a) . In addition, when p21 CIP1 /p27 KIP1 double-null MMC were compared to p27 KIP1 -null MMC, the migratory response under RAD therapy was similar (P40.05) (Figure 3b ) suggesting that the additional lack of p21 CIP1 is not critical for migration of MMC.
In Vivo Studies
RAD therapy inhibited MC migration in vivo
We used the previously established in vivo migration assay to determine the effects of RAD on MC migration in the anti-Thy1 model of experimental mesangial proliferative glomerulonephritis. Figure 5 shows that RAD therapy reduced the migratory response of BrdU labeled MC by 75% compared to placebo-treated rats (Po0.0005) (Figure 4) . In placebo-treated nephritic rats, labeled MC typically migrated 42.8710.4 mm (Figure 4b ) from the hilus to the periphery of the glomerulus. In contrast, RAD significantly reduced migration of labeled MC in nephritic rats to 10.2711.8 mm (Figure 4c ) within 4 days (Po0.0005 vs control). Therefore, this progressive migration of MCs towards the glomerular periphery occurs at a rate of 10.772.6 mm per day in placebo-treated nephritic rats and only of 2.773.0 mm per day during RAD treatment (Po0.05) (Figure 4d ). Taken together, these results CIP1 and p27 KIP1 by RAD treatment was investigated in growth arrested (0.5% FCS) or growth factor stimulated (20% FCS) wt MMC using Western blot analysis. While p27 KIP1 was highly expressed in growth-arrested wt-MMC, it was completely suppressed after stimulation with 20% FCS (Figure 2 ). RAD at a 10 and 20 nM, but hardly at a 100 nM concentration markedly prevented the p27 KIP1 suppression by 20% FCS. In contrast, protein levels of p21 CIP1 appeared to be independent on FCS or RAD treatment.
show that RAD treatment markedly inhibits MC migration in the anti-Thy 1 model in vivo.
In anti-Thy1 nephritis, RAD therapy did not induce p27 KIP1 protein expression, but prevented phosphorylation of the p70 S6 kinase Since RAD prevented MC migration in vitro via p27 KIP1 , we examined, whether RAD treatment would also upregulate p27 KIP1 in anti-Thy1 nephritis. To investigate the regulation of the CDK inhibitor p27 KIP1 by RAD therapy in the anti-Thy1 model in vivo, total glomerular cell number and the number of nuclei per glomerulus that stained positive for p27 KIP1 was assessed in a blinded manner. The percentage of p27 KIP1 -positive cells per total glomerular cell number was calculated in placebo-and RAD-treated nephritic rats. Despite regulation of p27 KIP1 by RAD in MC in culture, Figure 6a shows that RAD therapy did not change the percentage of p27 KIP1 -positive glomerular cells (Figure 5a ) on day 4 or 7 in anti-Thy1 nephritis in vivo. This result was confirmed by Western blot analysis for p27 KIP1 using glomerular extracts from anti-Thy1 diseased rats on day 4 with/without RAD treatment ( Figure 6 ). To demonstrate that RAD was nevertheless acting via its usual known signal transduction molecules in vivo in our model, the expression and phosphorylation of the p70 S6 kinase were investigated by immunostaining and Western blot analysis. In antiThy1 nephritis, RAD therapy selectively reduced the percentage of positive cells for the phosphorylated form of p70 S6 kinase per total glomerular cell number (Figure 5b ), but did not affect the percentage of glomerular p70 S6 kinase-positive cells (Figure 5c ). This result was also confirmed, when expression and phosphorylation of p70 S6 kinase were examined on day 4 using Western blot analysis ( Figure 6 ).
Discussion
The antiproliferative and immunosuppressive RAD used in kidney transplantation, inflammatory renal disease, and vasculitis 9 has recently been studied in experimental mesangial proliferative glomerulonephritis (anti-Thy1 model). 10 However, despite being antiproliferative, which one would expect to be beneficial as it is with other antiproliferative agents, [15] [16] [17] [18] RAD prevents glomerular repair in antiThy1 nephritis, leading to worsening renal function.
Repair of mesangiolysis requires both MC migration and proliferation. 3, 4 The novel results of the current study demonstrate that just in addition to inhibiting proliferation of MC in vitro and in vivo, 10, 19 RAD also dramatically prevents the migratory response of MC in vitro and in vivo. Previous studies have shown that following MC injury in the anti-Thy1 model, the surviving 'reserve MC' in the extraglomerular mesangium and hilar region are attracted to migrate to the periphery of the glomerulus in a coordinated way to repopulate the glomeruli. 3, 4 Therefore, by inhibiting this repairative response to injury, RAD prevents the healing phase of mesangiolysis. A similar effect has been observed, when conventional 16 and nonanticoagulant 20 heparin treatment was applied in the anti-Thy1 model in vivo. While no in vivo data regarding MC migration are available, the antiproliferative agent heparin also induces inhibition of MC migration in vitro. 21 In contrast to the adverse RAD effects seen in the anti-Thy1 model, the transient prolongation of the mesangiolytic phase during heparin treatment did completely resolve within 40 days and even led to long-term beneficial consequences regarding renal functional and structural parameters after 120 days. 16, 20 It also has to be considered that the degree of cellular effects regarding proliferation/ migration may be very different with RAD vs heparin treatment.
If migration and proliferation of the repopulating MC is markedly prevented, the mesangium is limited to the perihilar area of the glomerular tuft and an important counterpart for stabilizing the -and p27 KIP1 -null MMC by a Boyden chamber assay using fibronectin as the chemoattractants. MMC were pretreated with different concentrations (1, 10, 50 nM) RAD for 19 h. The asterisk (*) indicates significant changes vs wt-MMC (Po0.005). Since the antimigratory effect of RAD in wt-MC was substantially more dependent on p27 KIP1 than on p21 CIP1 , the RAD dependency at different concentrations (1, 10, 50 nM) of the migratory response was also compared in cultured MMC from p27 KIP1 -null vs p21 CIP1 /p27 KIP1 double-null mice ( Figure 4b ) and no significant change was found (P40.05).
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forces of the glomerular tuft 22 in the periphery may be completely missing. This suggests that the early postmesangiolytic phase is vulnerable, for the later outcome critical phase, where the decision between a successful glomerular healing reaction or a chronic progressive time course is made.
Previous studies in experimental mesangioproliferative glomerulonephritis models have demon- Figure 4 RAD therapy inhibited MC migration in the anti-Thy1 model in vivo. Using the in vivo migration system as described in Materials and methods, the distance of BrdU labeled MC from the hilus to the periphery of the glomerulus on day 7 of anti-Thy1 disease was compared to their distance at the starting point on day 3. Double staining for OX-7 (marker for MC, brown) and BrdU (black) demonstrates the labeling of DNA synthesizing MC at the starting point of this assay (on day 3) close to the hilus (a). As shown before, many BrdU-labeled MC could be detected out in the glomerular periphery in placebo-treated anti-Thy1 diseased animals on day 7 (b). In RAD-treated anti-Thy1 rats, labeled MC stayed much closer to the hilar region indicating a defect in the migratory response (c). Quantitation of this assay by computerized morphometry demonstrates that on average, labeled MC in placebo treated rats migrated 42.8710.4 mm (d), while labeled MC in RAD-treated diseased rats only traveled 10.2711.8 mm (d) within 4 days. The asterisk (*) indicates significant changes vs placebo-treated rats (Po0.05).
RAD inhibits mesangial cell migration C Daniel et al strated that MC proliferation and migration can be dissociated. 5, 7 Blocking of FGF-2 in the anti-Thy1 model resulted in inhibition of mesangial cell proliferation without significant effects on cell migration. 7 In the Habu snake venom glomerulonephritis model, MC migrated during the first 24 h after disease induction without significant proliferation. 5 Therefore, inhibition of cell proliferation is not linked with simultaneous inhibition of migration in a general fashion. 7 Nevertheless, many growth factors have the potential to act as both mitogens and chemoattractants. 23 The apparent link of cellular proliferation and migration during glomerular repopulation in the anti-Thy1 model suggests that cell cycle regulation and cell migration may be regulated by similar pathways. In this study, protein, but phosphorylation of the p70 S6 kinase in vivo (Western blot analysis). Independently, glomerular extracts anti-Thy1 diseased rats on day 4 with/without RAD treatment starting on day 3 were evaluated regarding p27 KIP1 and the expression and phosphorylation of the p70 S6 kinase by Western blot analysis. The asterisk (*) indicates significant changes vs placebo-treated rats (Po0.05).
we focused on the CDK-inhibitors p21 CIP1 and p27 KIP1 , because these have been previously shown to be regulated during glomerular repopulation. 8, 24 Utilizing cultured MC from wt, p21 CIP1 -null, p27 KIP1 -null, and p21 CIP1 /p27 KIP1 -double-null mice, we demonstrated that the CDK-inhibitor p27 KIP1 , but not p21 CIP1 plays a critical role in mediating the antimigratory properties of RAD in vitro. The lack of p27 KIP1 in MMC prevented the antimigratory effect of RAD up to a concentration of 10 nM, while higher RAD concentrations were able to inhibit MMC migration in Boyden chamber assays, but to a much lesser extent than in wt-MMC. These data are consistent with previous reports regarding vascular smooth muscle cell migration 25, 26 and suggest that at higher doses, p27 KIP1 -independent actions of RAD can inhibit MC migration.
The role and RAD-dependent regulation of p27 KIP1 in MC migration may be clinically relevant, since p27 KIP1 is tightly regulated in glomerular disease. Therefore, we further investigated, whether p27 KIP1 levels are changed during RAD therapy in anti-Thy1 nephritis in vivo. Neither by determination of the percentage of p27 KIP1 -positive cells per glomerular cross section nor by Western blot analysis of glomerular extracts, any RAD-dependent regulation of p27 KIP1 was found in anti-Thy1 nephritis, despite a marked effect on MC migration and on the phosphorylation of the p70 S6 kinase as another RAD signaling target. Nevertheless, this lack of p27 KIP1 regulation in glomeruli from anti-Thy1 nephritic rats does not completely rule out a role for p27 KIP1 in MC migration nor in RAD-induced prevention of MC migration. For the interpretation of the unchanged p27 KIP1 in vivo, it has to be considered that our 'glomerular' data reflect regulation of p27 KIP1 in all different cell populations (inflammatory cells, endothelial cells, podocytes and MC), while only regulation for the repopulating mesangial fraction of glomerular cells is relevant. Alternatively, it is interesting that in cultured wt-MMC, higher RAD doses (50-100 nM) were much less potent to prevent growth factor stimulated suppression of p27 KIP1 compared to lower doses around 10-20 nM (Figure 2 ) and its effects on MC migration became partially p27 KIP1 independent. This phenomenon in MC has also been found in vascular smooth muscle cells. 26 Although in vivo and in vitro doses are difficult to compare, the in vivo dose of 3 mg/kg bw (and loading doses) RAD is certainly considered to be high. Nevertheless, in this specific in vivo experiment, p70
S6k phosphorylation, but not expression as a classical RAD-signal transduction target was inhibited suggesting p27 KIP1 -independent pathways in this model.
In conclusion, our results demonstrate that the immunosuppressant RAD dramatically inhibits MC migration in vitro and in vivo, which may be highly relevant for the inhibition of the glomerular healing process after severe mesangiolysis. Our in vitro results demonstrate that RAD-induced inhibition of MC migration is partially mediated by the CDKinhibitor p27 KIP1 , but not p21 CIP1 . Further specific blocking and overexpressing studies have to still define the role for p27 KIP1 in MC migration and in RAD-induced prevention of MC migration.
